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ABBREVIATIONS 
Anal. : analytical min : minute(s) 
BDE : bond dissociation energy mmol : millimole(s) 
Calcd. : calculated mL : milliliter 
Cp .: cyclopentadienyl NMR : nuclear magnetic resonance 
Cy : cyclohexyl MS : mass spectroscopy 
d : day(s) OAc : acetate 
DME : 1 2-dimthoxyethane Ph : phenyl 
DMI : 1,3-dimethyl-2-imidazolidinone ppm : part per million 
FABMS : fast atom bombardment mass r.t. : room temperature 
spectrometry 
g gram(s) TBAP : tetrabutylammonium 
perchlorate 
h : hour(s) TEMPO : 2,2,6,6-1elran^ yl4-p5)eridinytoxy 
HMDS : hexamethyldisilane THF : tetrahydrofuran 
HMPA : hexamethylphosphoramide TLC : thin-layer chromatography 
Hz : hertz TMS : tetramethylsilane 
JR infrared UV-vis : ultraviolet-visible 
J : coupling constant 
M+ : molecular ion 
m/e : mass per charge ratio 
Me : methyl 
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Me3SiRhTPP R = Ph 
Me3SiRhTTP R = p-CH3C6H4 
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ABSTRACT 
Part 1 describes the serendipitous synthesis of cobalt(III) and rhodium(III) 
porphyrin-phosphoryls via the reaction of either trimethylsilyl lithium or alkyllithium 
with cobalt(III) porphyrin halides in hexamethylphosphoramide. (5 10, 15 20-
tetraphenylporphyrinato) [bis(dimethylamino)phosphoryl]cobalt(III) was characterized 
by X-ray crystallography. 
Part 2 describes the synthesis of novel rhodium(III) porphyrin-silyls via the 
reaction of nucleophilic rhodium(I) porphyrin with chlorotrimethylsilane in toluene. 
(5, 10 15 20-tetraphenylporphyrinato) (trimethylsilyl) rhodium(III) was 
characterized by X-ray crystallography. Novel silylalkyl tetratolylporphyrinato 
rhodium(III) was synthesized by the reaction of the rhodium(I) tetratolylporphyrin 
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The studies of intermediates as well as the measurement of the bond 
dissociation energies are important in understanding chemical reactions. Transition 
metal silyl complexes have been proposed to be vital in catalytic processes such as 
hydrosilation1 and silane polymerization.2 Transition metal catalyzed hydrosilation of 
olefins is of paramount importance for the formation of silicon carbon bonds (eq 1).3 
In the classical Chalk-Harrod mechanism, an organosilane undergoes oxidative 
addition to a transition metal complex forming a metal silyl hydride intermediate. A 
hydride migratory insertion into an olefin after precoordination produces a metal-
alkylsilyl complex. Subsequent reductive elimination proceeds to yield the 
hydrosilated product (Scheme 1). 
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H 
M = Co1c, Rh4, Pd, Pt 
Scheme 1 
2 
Sakaki and coworkers5 reported the theoretical calculation on the insertion of 
C2H4 into Pt-H and Pt-SiH3 bonds of the platinum(II) hydride silyl complex (eq 2). 
When the H ligand lies in a position trans to C2H4, the olefin inserts into the Pt-SiH3 
bond with a relatively high activation energy (Ea) of 54 kcal/mol. When the SiH3 
group lies in a position trans to C2H4, the olefin inserts into the Pt-H bond with a 
much lower Ea(17 kcal/mol). The overall Ea of 38 (21 + 17) kcal/mol, including 
energy required in breaking the Pt-Hp agostic interaction, for the C2H4 insertion to Pt-
H bond is lower than the Ea of C2H4 insertion into Pt-SiH3 bond. These results show 
that ethene inserts into the Pt-H bond more readily than into Pt-Si bond and support the 
Chalk-Harrod mechanism. 
Pt(H)(SiH3)(PH3)(C2H4) ^ Pt(CH2CH2SiH3)(H)(PH3) (2) 
or 
Pt(CH2CH3)(SiH3)(PH3) 
While these proposals account for the hydrosilation of olefins, a number of 
hydrosilation catalysts give vinylsilanes and alkanes along with the hydrosilation 
products as illustrated in eq 3. The classical Chalk-Harrod mechanism (Scheme 1) does 
not account for the formation of these products, and a number of research groups 
modified the mechanism of hydrosilation and proposed the key change of the silyl 
migration as an integral or competing steps.6 Scheme 2 shows that the silyl migratory 
insertion results in a p-silylalkyl hydride intermediate, which can undergo two possible 
reactions. Reductive elimination gives the hydrosilation product, while (3 -hydride 
elimination forms vinylsilane and a metal dihydride species that is responsible for 
hydrogenation of the olefin. This silyl migration mechanism does not require a 
silylalkyl reductive elimination which is involved in the Chalk-Harrod cycle.7 To date, 
direct evidence for this reductive elimination and silyl migration during hydrosilation 
cycle is limited. 
RI~SiR3 
R' ~ 





Experiments carried out by Wrighton et al have suggested that (CO)4CO-
SiMe3, which is an effective hydrosilation catalyst, undergoes olefin insertion into the 




Scheme 3. Mechanism for the catalytic hydrosilation by insertion of C2 H4 
into Co-Si bond (R = Et). 
3 
4 
However, the intermediates in hydrosilation cycles have not been isolated and 
characterized. Detection of intermediates is hampered by the high catalytic rates9 and 
heterogenous nature of the systems.10 In addition, identification of the resting-state 
structures in hydrosilation catalytic systems does not necessarily distinguish between 
the hydride and silyl migration pathways. Because of the above factors, a knowledge of 
the transition metal-silyl bond dissociation energies would probably yield more 
information in understanding the hydrosilation reaction mechanism. 
II. Silane Polymerization 
Transition metal catalyzed dehydrogenative coupling of silane possesses the 
potential of introducing a variety of functional groups to a silicon center. Probably the 
most important dehydrogenative coupling reaction is those leading to the formation of 
silicon-silicon bonds. This may represent the first reasonable alternative to the Wurtz 
coupling reaction forming oligosilanes and polysilanes which are interesting candidates 
for conducting polymers, etc.11 There appears to be two classes of transition metal 
complexes that promote the silicon-silicon bond formation. The first group has the 
general formula CpxMRy, where M is an electron-deficient metal such as Ti, Zr, V and 
Cr and R is usually a methyl group but can also be a hydride. The second group of 
catalysts exhibits the general formula, ClxMLy, where M is an electron-rich metal (M = 
Co, Rh, Pd, Pt). The best results occur for M = Rh or Pt. For example, the 
homocoupling of hydrosilane in the presence of Wilkinson catalyst was reported in 
1973.12 
The fundamental requirements for the design of appropriate catalysts are not 
presently well understood and this may well due to the somewhat primitive state of our 
understanding of the chemistry of the transition metal-silyl bond. These factors initiate 
our motivation to measure the cobalt-silicon bond dissociation energy. 
5 
We aim at synthesizing cobalt-silyl complexes which are ideal candidates for 
the determination of cobalt-silicon bond dissociation energy by kinetic methods. 
Kinetic methods have the advantages of yielding absolute values of the bond 
dissociation energy with high degrees of reliability and accuracy.13 In order to 
determine the cobalt-silicon bond dissociation energy (BDE), a rigid macrocyclic 
ligand bonding to the cobalt atom is necessary to eliminate undesired concerted 
decomposition pathways which usually require a cis coordination site. As a result, 
porphyrin was selected as the ligand. Porphyrin is a 18-71 aromatic macrocycle which 
not only acts as a rigid ligand, but also stabilizes all the pertinent oxidation states of 
cobalt (+3’ +2, +1). Moreover, it can minimize orbliminate all other decomposition 
pathways such as a-substitution, P-hydride elimination, etc. during the BDE 
determination by kinetic methods. In order to demonstrate the effect of steric factors on 
the cobalt-silicon BDE, the silyl group can be modified with various sterically 
demanding substituents. Moreover, the BDE of cobalt (III) porphyrin-silyls can be 
directly compared with that of cobalt(III)-alkyls.13 
6 
RESULTS AND DISCUSSIONS 
1. Synthesis of cobalt(III) porphyrin-silyls 
The synthesis of cobalt(III) porphyrin-silyls was attempted both from the 
nucleophilic substitution of cobalt(III) porphyrin bromides with Me3Si anion and 
trimethylsilylhalides with cobalt(I) porphyrin anion. 
Compounds of cobalt(II) porphyrins ConTPP 1 ConTTP 2, CoIIrT(3 4 5-
MeO)PP 3 and ConT(p-CF3)PP 4 were conveniently prepared through the metallation 
of the corresponding free base porphyrins with Co(OAc)2.4H2C) in DMF (eq 4).14 
DMF 
H2Por + CO(OAC)2.4H20 ^ CoMPor (4) 
reflux, 1 h 
Por = TPP 1 96 % 
HP 2 95 % 
T(3 4 5-MeO)PP 3 98% 
T(p-CF3)PP 4 92 % 
A. Nucleophilic Cobalt Route 
A variety of methods to generate cobalt(I) complexes as precursors for higher 
valent cobalt complexes have been exploited.15 The nucleophilic routes are mainly 
based on reduction of cobalt(II) porphyrin for the synthesis of cobalt porphyrin-alkyls. 
Subsequent alkylation of cobalt(I) porphyrin generated with alkyl halides produces a 
moderate yields of cobalt(III) porphyrin-alkyls.16 
Synthesis of cobalt(III) porphyrin-silyls was attempted in a similar manner via 
the reduction of red ConTTP in THF using Na/Hg at r.t. under N2 for 1 d. A brown 
solution of CoIrTTP16 was produced and was then trapped with degassed MesSiCl, but 
7 
only ConTTP was isolated. It may due to the ring opening reaction of the 
tetrahydrofuran by a metal-silicon bond17, or by MesSiCl. Therefore, THF was 
replaced with another solvent such as toluene or saturated hydrocarbons.18 However, 
due to the limited solubility of cobalt(II) porphyrins in saturated hydrocarbons, eg. 
hexane, cobalt porphyrin was not completely generated. CoIrTTP was generated 
more in toluene, a more polar hydrocarbon solvent, as a result of its high solubility. 
Reduction of ConTTP in toluene using Na/Hg at r.t. under N2 for 2 d gave a brown 
solution of Co^ TP.16 Trapping of Co^ PP with degassed Me3SiCl yielded a single 
product (eq 5) having a specific high field proton resonance at 5 -1.67 ppm. However, 
the integration showed that this singlet integrated only equal to two protons. 
Meanwhile, the 13C NMR spectrum showed no high field signal corresponding to the 
trimethylsilyl carbon. Therefore, it seems that the cobalt(III) porphyrin-silyl has not 
been synthesized successfully by this nucleophilic method. The structure awaits further 
experimentation. 
11 1. Toluene, N2 2 d m 
Co Por + Na/Hg : Yr Me3SiCo Por (5) 
2. Me3SiCI, N2, r.t. 
absence of light 
B. Electrophilic Cobalt Route 
The attempted synthesis of cobalt porphyrin-silyls employed a strategically 
different route by the reaction of the electrophilic cobalt(III) porphyrin bromides with 
MesSi anion or its derivatives. The cobalt(III) porphyrin-bromides were prepared from 
the aerobic oxidation of ConPor with aqueous HBr (48 %) in CHCl3-MeOH (1:1 v/v) 
mixture at r.t. for 2 h in 84 to 92 % yield respectively (eq 6).19 
8 
CHCI3/ MeOH 
Co Por + HBr(aq) ^ BrCo Por (6) 
r.t., 2 h 
5: BrCoTPP (92 %) 
6: BrCoTTP (86 %) 
7: BrCoT(3, 4 5-MeO)PP (92 %) 
8: BrCoT(p-CF3)PP (82 %) 
R 
R
~ \ C \ // R 5: R = Ph 
V - N — ( 6: R = />CH3C6H4 
C 1 A J> 7: R = 3 4, 5-MeOC6H2 
^ ^ 8: R = p-CF3C6H4 
R 
i. Reaction of BrCoPor with %SiM (M = K. Na. R = Me. Et Ph) 
MesSiK was conveniently prepared by cleaving Me3SiSiMe3 with KH in DME 
at r.t. for 24 h.20a while MesSiNa was generated from the cleavage of Me3SiSiMe3 by 
NaOMe in DMI.20b The MesSi anions of potassium and sodium reacted with BrCoTPP 
in toluene at -78 °C (eq 7 - 8). Monitoring the reaction mixture by TLC, showed the 
presence of the ConTPP 1 and no other new spot. After purification, the ConTPP 1 
was obtained in 72 % and 58 % respectively and was further confirmed by UV-vis 
spectroscopy. Similar results were obtained for the BrCoTTP derivative. Meanwhile, 
the more sterically bulky silylating agents, R3SiK (R = Et, Ph) generated from the 
reaction of R3SiH with KH in DME 20b,21bwere added to BrCoTPP in toluene at -78 C 
(eq 9). Unfortunately, ConTPP 1 was isolated as the only product in these reactions for 
(R = Et (64 %) and Ph (80 %)). The results were summarized in Table 1. 
9 
1. DME, N2, 18-C-6 
Me3Si-SiMe3 + KH rt• 24 h Me3SiCoTPP (7) 
2. BrCoTPP, toluene 
-78 to 0 °C 
I • CoTPP 
1 (72 %) 
1. DMI, 18-C-6, N2, 
Me3Si-SiMe3 + NaOMe rt• 24 h Me3SiCoTPP (8) 
2. BrCoTPP, toluene 
-78 to 0 °C 
CoTPP 
1 (58 %) 
1.DME, r.t., N2, 24 h 
R3SiH + KH R3SiCoTPP (9) 
2. BrCoTPP, toluene 
-78 to 0 °C 
• CoTPP 
1 
R = Et (64 %) 
Ph (80%) 
Table 1 Summary of reaction of RaSiM with BrCoPor 
R3SiM BrCoPor Temperature (°C) Product Yield (%) 
Me3SiKa BrCoTPP 5 -78 to 0 CoTPP 1 72 
BrCoTTP 6 CoTTP 2 66 
Me3SiNab BrCoTPP 5 -78 to 0 CoTPP 1 58 
BrCoTTP 6 CoTTP 2 42 
Et3SiKc BrCoTPP 5 -78 to 0 CoTPP 1 64 
Ph3SiKc BrCoTPP 5 -78 to 0 CoTPP 1 80 
a
 generated from Me 3SiSiMe3/KH/DME at r.t. 
b
 generated from Me 3SiSiMe3/NaOMe/DMI at r.t. 
c generated from R3SiH (R = Et or Ph) /KH/DME at r.t. 
10 
These results revealed that reactions of silyl anions with BrCoPor were 
unsatisfactory for the synthesis of cobalt(III) porphyrin-silyls. This may be due to the 
instability of cobalt-silicon bond if prepared, or the silyl anion we have chosen are too 
hard and reduces the cobalt(III) to the cobalt(II) porphyrin possibly by electron 
transfer. Therefore, softer trialkylsilyl metals like Me3SiLi, 22 (Me3Si)2CuLi23 and 
LiAl(SiMe3)4 were selected.24 
ii. Reaction of BrCoPor with Me^ SiLi and Serendipitous Synthesis of 
Cobalt(III) Porphyrin-phosphoryls 
The generation of MesSiLi was accomplished by the cleavage of Me3SiSiMe3 
with ethereal MeLi in HMPA at 0 C under N2 giving an orange solution.22 Following 
the Goff25 procedure, BrCoPor 5-8 were reacted with MesSiLi in toluene at -78 °C 
respectively and the solution was warmed slowly to 0 °C (eq 10). The reaction mixture 
produced two fractions, according to the TLC analysis, one was identified as the 
ConPor and the other was a new compound. The crude reaction product was then 
purified by silica gel column chromatography firstly using methylene chloride to elute 
off the ConPor, then followed by a mixture of 5 % MeOH in methylene chloride (v/v) 
to elute off the more polar second fraction. 
1. HMPA, 0°C, No 
MeoSi-SiMe3 + MeLi Me3SiCoPor (10) 
2. BrCoPor,toluene 
-78 to 0 °C 
——• (Me2N)2(0)PCoPor + CoPor 
9-12 
R 
R' = -P(0)(NMe2)2 
V N R' N=K 
/ ^JY V-R 9: R = P h 
R
- \ , C o \ // H 10 R = P-CH3C6H4 
y~N 11 R = 3,4, 5-MeOC6H2 
1 2 :
 R = P-CF3C6H4 
R 
11 
For the CoTPP derivative 9, the new unknown showed sharp proton resonance 
supporting the formation of diamagnetic Co(III)-compound. Two resonances at 5 -0.30 
and -0.27 ppm appeared with each equals to 3 hydrogens suggesting 2 non-equivalent 
methyl groups which were further consolidated by the signal at 35.00 ppm in its 13C 
NMR spectrum. All other derivatives also show similar spectral characteristics. 
Therefore, it seems unlikely the MesSi group had been introduced as it would have 
been a simple singlet. 
The structure of 9 was elucidated from a single X-ray diffraction analysis (Fig. 
1) and was shown to be (5, 10, 15, 20-tetraphenylporphyrinato [bis(dimethylamino) 
phosphoryl]cobalt(III), Details of the crystal data collection and processing parameters 
of 9 were listed in appendix I. Bond angles and bond lengths of the complex 9 are 
summarized in Table 2. The coordination sphere of the cobalt atom shows a square 
pyramidal geometry with four porphyrinato nitrogen atoms occupying the basal sites 
and the phosphorus atom of bis(dimethylamino)phosphoryl group residing at the axial 
site. The mean bond length of the Co-N bonds is 1.972 A which agrees with those five-
coordinated organocobalt(III) porphyrins.26 The Co-P length is 2.265 A which lies in 
o 
the range of those reported Co-P bond lengths27 and is longer by 0.021 to 0.102 A 
compared with those compounds containing a Co-P a bond, such as the cobalt-
phosphinediyl complex28a (Co-P bond length = 2.163-2.210 A and cobalt-phosphido 
complex2813 (Co-P bond length = 2.244 A). This lengthening may due to the bonding of 
the phosphoryl ligand of 9 to a more sterically bulky porphyrin ligand. The porphyrin 
ring is close to planar with a mean deviation of 0.12 A from the basal plane for four 
meso-carbons whereas the nitrogen atoms deviate alternatively above and below it by 
0.10 A. 
Both the IR and 31P NMR data are consistent with the structure. The IR 
spectrum showed a sharp P=0 stretching at 1353 cm"1 (compared with Dp=o = 1296 
cm-l in HMPA).29 In the 31P NMR spectrum, a broad singlet appeared at 6.95 ppm 
confirming the presence of the phosphorus atom and the line broadening may likely 
due to the quadrupolar effect of the cobalt (line width at half maxmium = 1096 Hz).30a 
12 
C(37. 01 I 
C I f f 
I OC1291 CI321 0 
,V^jCt231 Ct27» Y" 
Ct3) pe->\ 
C23! C!2> ^ ^ ^^?^131 C.38. C137. 
C12S) Ct26) C(\9I CVf >-
YN<4» N(31 Y A 
_ 
Xr^Cliei^g^ctMl^f 
CU7> CI51 j CH31 
a C139I (b) 
CI41) OA CIO 
CK2JO 
Fig. 1 ORTEP of (5,10,15,2Q-tetraphenylporphyrinato [bis(dimethylamino) 
phosphoryl]cobalt(III) (9) (a) and top view (b). Hydrogens have been 
omitted for clarity. 
Transition metal-phosphine complexes are classical coordination compounds 
known for many years. The reaction of C 2(CO)8 and PPh3 in a non-polar solvent, or 
at high temperatures, produces the neutral dimer [Co(CO)3(PPh3)2].31 Alkyl and aryl 
phosphines form stable complexes with many transition metals in a wide range of 
oxidation states.3 lb 
Complexes of the cobalt macrocyclic-phosphine containing a phosphine 
donating Co-P dative bond have been recognized for many years.22' 32a> b 33 
Metalloporphyrin complexes, eg (triphenylphosphine) (tetrakis (p-
chlorophenyl)porphyrinato)cobalt(II) were prepared by addition of PPh3 to the 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Another similar type of cobalt-phosphine complexes are the cobalt corrolato-
phosphine, such as the (triphenylphosphine) (10-phenyl-2, 3 7 8 12 13, 17 18-
octamethylcorrolato) cobalt (III)33 and (triphenylphosphine)-(5, 10 15-triphenyl-2, 3 
7, 8, 12 13 17 18- octamethylcorrolato) cobalt (III) (Co-P = 2.205 A).34 The Co-P 
bond length resembles the usual cobalt-phoshine compounds.35 
A few transition metal-phosphorus -bonded compounds P=E (E= O or S) are 
known, eg the three-coordinate Pv ligand of R2N(RN)PS forms the planar platinum (0) 
complex 13.36 
R2R2 "1 2_ 
Pt(PPh2)2 0 P Pt' P ~ ° 




Ligands of type R-P=0 are present in complexes only and attempts in isolating 
them in the free state result in oligomers (eq 11).37 
R2N 
R2N S02 d m n"P"°sp-MR (11) 
 p=NR R2N ^ ^ NR2 v 7 
P=0 p—o 
r2n' 
An unusual series of complexes were prepared by Baker and coworkers38 based 
upon the exceptional properties of the hindered Cy2P" and involves P-M a-bonds, eg. 
(Cy2P)4Mo. Platinum complexes of the phosphinous or phosphonous acid ligand and 
its conjugate base anion have also been reported.39'40 The structure of 14 includes the 
conjugate base anion bonding to the platinum metal through the phosphorus. 
15 
The characteristics of this novel complex 9 is the bonding of a Pv phosphoryl 
ligand to the cobalt(III) porphyrin which is the only metalloporphyrin containing a 
covalent cobalt-phosphorus a-bond. The yields of the corresponding cobalt(III) 
porphyrin-phosphoryls 9 -12 are summarized in Table 3. 
R 
/ V ^ S ^ R' = -P(0)(NMe2)2 
D 9: R = Ph 
R
 ,
C 0 \ / / ^ 10 R = p-CH3C6H4 
r-N 11: R = 3 4 5-MeOC6H2 
S J ^ J ^ 12: R = P-CF3C6H4 
R 
Table 3. Preparation of the cobalt(III) porphyrin-phosphoryls 9 -12 
Complex R % yield % yield of CoT(R)P 
9 Ph 62 28 
10 p-CH3C6H4 73 25 
11 3,4,5-MeOC6H2 91 7 
12 /?-CF3C6H4 51 35 
This serendipitous synthesis of the cobalt(III) porphyrin-phosphoryl raised the 
question whether the Me3SiLi had been indeed generated. MesSiLi is a versatile 
silylating agent and can be generated conveniently. To confirm this, Me3SiSiMe3 
reacted with the ethereal MeLi in HMPA at 0 °C.22The precedented reaction of 
MesSiLi with 2-cyclohexen-l-one, followed by trapping with Mel was repeated to 
yield the trans-3-trimethylsilyl-2-methyl-cyclohexanone (15) in 96 % (eq 12) which 
was confirmed by NMR and MS after isolation.11 This firmly supported that the 
Me3SiLi had been successfully generated. 
16 
1.HMPA,0°C, N2, Me 
Me3Si-SiMe3 + MeLi ^ ^ • [ [ (12) 
2. 0 
6 N 2 b,Me3 
-78 °C, 5 min 15 96 % 
3. Mel, -78 to 0 °C 
The possibility of the reaction of HMPA with MesSiLi was thus suspected. It has 
been recognized thatHMPA is an outstanding solvent for a wide variety of 
transformations including, nucleophilic substitution, (3-elimination, Birch-type 
reduction and certain oxidations. It has been generally accepted that HMPA is stable to 
most basic reagent, even strongly basic reagents like alkali amides41 and Grignard42 
reagents have been routinely employed as the metalating agents in HMPA. However, a 
computer search of the literature of the phosphoryl anion by the courtesy of Dr. Kam 
Wah Law revealed that this HMPA is not stable towards the lithium and potassium. 
HMPA can be cleaved by n-BuLi43 or metallic K44 to yield the 
bis(dimethylamino)phosphoryl anion. 
Following the procedure of Kaiser,43 the phosphoryl anion (Me2N)2(0)PLi was 
generated by the reaction of n-BuLi with HMPA in THF at 0 °C under N2- BrCoTTP 6 
in THF was then added at -78 °C (eq 13) and the mixture was warmed to 0 °C in 1 h. 
After chromatographic purification, the cobalt(III) porphyrin-phosphoryl complex 10 
was isolated in 52 % yield and was confirmed to be identical in its lH NMR spectrum 
as the one obtained from the reaction of 6 with Me3SiLi/ HMPA. 
1.THF,0°C ,N2, q 
30 min II 
HMPA + n-BuLi (Me2N)2PCoTTP (13) 
2. BrCoTTP 
THF, -78 to 0 °C 10 52 % 
HMPA was also cleaved by the metallic K in THF to give a yellow solution of 
17 
(Me2N)2(0)PK, which reacted with BrCoTTP 6 at -78 °C (Eq. 14) giving 10 in 64 % 
yield. 
1.THF, r.t., N2, n 
24 h 
HMPA + K ^ (Me2N)2PCoTTP (14) 
2. BrCoTTP 
THF, -78 to 0 °C 10 64 % 
Generation of phosphoryl anions was also successful via the reaction of 
(Me2N)2(0)PCl or (EtO)2(0)PCl with potassium metal. Reaction of the resulting 
(Me2N)2(0)P- and (Et0)2(0)P_ anions with BrCoTTP 6 at -78 °C yielded the 
cobalt(III) porphyrin-phosphoryls 10 and 16 in 38 % and 58 % respectively (eq 15-16). 
^ 1. THF, r.t., N2, n 
24 h V 
(Me2N)2PCI + K ^ (Me2N)2PCoTTP (15) 
“ “ 2. BrCoTTP 
THF, -78 to 0 °C 10 38 % 
O 1.THF, r.t., N2, O 
II 24 h II 
(EtO)2PCI + K — ^ (EtO)2PCoTTP (16) 
2. BrCoTTP 
THF, -78 to 0 °C 16 58% 
According to the above evidences, it strongly suggested that HMPA was cleaved 
by RLi (Me3SiLi/MeLi, BuLi) to give (Me2N)2(0)PLi, the phosphoryl anion. Indeed, 
(Me2N)2(0)PLi generated from HMPA and MeLi in THF at 0 °C under N2 was cooled 
to -78 °C and reacted with the BrCoPor in THF (eq. 17) to produce the cobalt(III) 
porphyrin-phosphoryl complex 9 - 12. These complexes were identical in all 
spectroscopic properties to those obtained by the "HMPA-Me3SiLi" method. 
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1. THF, 0 °C, N2, 
30 min 
HMPA + MeLi • (Me2N)2(0)PCoPor (17) 
2. BrCoPor 






In conclusion, MeLi and MesSiLi was demonstrated to cleave HMPA to generate 
CH4, CH2=NCH3 and (Me2N)2(0)PLi (eq. 18),43 which reacts with cobalt(III) 
porphyrin bromides by the nucleophilic substitution. Afterwards, considering the 
"HMPA-Me3SiLi" method, (Me2N)2(0)PLi was shown to be generated by the 
reaction of Me3SLi with HMPA. It is possible that MesSiLi may be too hard to react 
with the cobalt(III) porphyrin bromides, but reduce them to Co(II) porphyrin possibly 
by electron transfer. Compared with MegSiLi, the (Me2N)2(0)P" anion is much softer 
and by trapping with the cobalt(III) porphyrin bromides, it gives the cobalt(III) 
porphyrin-phosphoryls. 
V C C ^ ) 
(Me2N)2 ^ -N, + Me-Li -~ (^Me2N)2PLi + CH4 + CH2=NCH3 (18) 
CH3 
iii. Reactions of soft trimethvlsilvlmetals (Me^ Sr^ Cu. LiAKSiMe^ d and 
with
 BrCoPor 
Circumstantial evidence has suggested that harder timethylsilymetals do not 
attack the cobalt(III) porphyrin bromides but reduced them to the cobalt(II) porphyrins. 
Softer timethylsilymetals such as Al(SiMe3)3 has been used to prepare timethylsilyl 
derivatives of titanium, zirconium and hafnium.2 Therefore, initial attempts to generate 
soft trimethylsilylmetals were carried out and the preliminary results were summarized 
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in Table 4. (Me3Si)2Cu23 reacted with BrCoTPP 5 to produce only the reduction 
product of ConTPP 1. LiAl(SiMe3)424 and (Me3Si)2Zn11 reacted with BrCoTTP 6 to 
give diamagnetic products as shown in the l}l NMR spectra. However, they did not 
show any high field signal for the presence of Me3Si group. While encouraging, the 
detailed investigation awaits further experimentations. 
Table 4 Summary of reaction of (Me3Si)2Cu, LiAl(SiMe3)4 and (Me3Si)2Zn with 
BrCoPor 
Temperature Product Yield R/ 
(°Q (%) (CH2Cl2/Hexane 1: 2) 
(Me3Si)2CuLia BrCoTPP -78 to 0 CoTPP 72 0.36 
LiAl(SiMe3)4b BrCoTTP -78 to 0 unidentified - 0.54 
(Me3Si)2Znc BrCoTTP -78 to 0 unidentified - 0^ 
a




iv. Spectroscopic analysis of complexes 9 -12 and 16 
It is instructive to gain some insight into these novel cobalt(III) porphyrin-
phosphoryls. According to the lR NMR spectrum, the two distinctive singlets at 
around zero ppm correspond to the bis(dimethylamino) protons. These two kinds of 
protons are non-equivalent presumably due to a hindered rotation about the P-N bond 
(Table 5). Compared with the proton resonance of the HMPA (2.38 ppm), it was high 
field-shifted by about 2.5 ppm mainly due to the porphyrin ring current effect. The 
carbon chemical shifts of the bis(dimethylamino) group show a singlet which indicates 
these carbons are magnetically equivalent. The chemical shifts of the 
bis(dimethylamino) carbons in 9 10, 11 and 12 are nearly the same, ranging from 
35.00 to 35.09 ppm (Table 4) and slightly upfield shifted by 1.60 ppm compared with 
that of HMPA (36.60 ppm).30b 
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Table 5. Chemical shifts of the bis(dimethylamino) protons of 9 -12 
Complex 5 of bis(dimethylamino) 8 of bis(dimethylamino) carbon 
protons (ppm) (ppm) 
9 -0.30 and -0.27 35.00 
10 -0.36 and -0.33 35.01 
11 -0.29 and -0.26 35.09 
12 -0.31 and -0.27 35.01 _ 
Moreover, the 31P NMR showed a broad singlet corresponding to the phosphoryl 
group bonding to the cobalt (Table 6). The broadening of the peak was likely due to the 
quadrupolar effect of the cobalt (spin = 7/2).30a 
Table 6. 31P NMR chemical shift of 9 • 12 and 16.a 
Complex 8 of the phosphoryl group line with at half-maximum 
in 31P NMR (ppm) W1/2 (Hz) 
9 6.95 1096 
10 11.47 913 
11 8.76 731 
12 7.02 1234 
16 6A3 959 
a
 H3PO4 as external reference 
The IR stretching frequency of P=0 bond of 9 - 12 and 16 appeared at 1352 to 
1360 cm-1 (\)P=0 = 1296 cm"1 in HMPA).29 Table 7 summaries the Dp=o stretching 
frequencies of 9 -12 and 16. The a)P=o stretching frequencies of 9 -12 and 16 were 
higher than that of the HMPA which shows a stronger P=0 bond. It is possible that the 
bond order of P-0 bond in cobalt(III) porphyrin-phosphoryls is higher than that in 
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HMPA since the phosphorus atom bonds to a more electron-deficient cobalt(III) 
resulting in a less resonance stabilization than that of HMPA. Moreover, 
PorCo+=P(NMe2)2-0_ is very unlikely due to the high oxidation state of the cobalt and 
the unfavorable 3d-3p overlap of the pentavalent phosphorus. (Scheme 4). 
Table 7. The Dp=p of cobalt(III) porphyrin-phosphoryls 9 -12 and 16. 
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The UV-vis spectra show two bands and the Soret band ranges from 408 to 410 
nm of complexes 9-12. The Soret band of the cobalt(III) porphyrin-phosphoryls 9-12 
and 16 are summarized in Table 8. The five-coordinated cobalt(III) porphyrins are 
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usually blue-shifted compared with the corresponding cobalt(II) porphyrins, eg. the 
ethyl(5, 10 15 20-tetraphenylporphyrinato)cobalt(III) (EtComTPP) has a Soret band 
at 407 nm while the Soret band of ConTPP lies at 409 nm.16e/?-Aryl substituted 
porphyrins 10 and 12 are red-shifted from the non-substituted 9 which is parallel to the 
results of Meot-Ner and Adler.45 
Table 8. The Soret band of cobalt(III) porphyrin-phosphoryls 9-12 and 16 and 
the corresponding cobalt(II) porphyrins 1-4. 
Soret 
Complex Soret band, A^ax Complex
 band 
nm (log e)
 x nm 
max 111X1 
(Me2N)2(0)PCoTPP 9 408(5.22) CoTPP 1 409 
(Me2N)2(0)PCoTTP10 410 (5.18) CoTTP 2 411 
(Me2N)2(0)PCoT(3,4,5-MeO)PP 413 (5.15) CoT(3,4’ 5-MeO)PP 414 
11 3 
(Me2N)2(0)PCoT(p-CF3)PP 12 408 (5.41) CoT(p-CF3)PP 4 409 
(EtO)2(Q)PCoTTP 16 410(4.51) 
Cyclic voltammetric measurement on complexes 9-12 and 16 were carried out at 
a platinum electrode in PhCN containing TBAP as the supporting electrolyte at 25 C 
and ferrocene as the external reference. Most of the oxidation and reduction waves 
observed were irreversible since either the separation between the cathodic and anodic 








































































































































































































































































































































































































































































































































































































































































































































































































Table 9. Half-wave Potentials (mV vs Ag/AgCl) for electrode reactions of 9 - 12 
and 16 in PhCN containing 0.1 M of TBAP at 25 °C. (100 mV/s), 
ferrocene as the external reference E1/2 = 453 mV. 
Redox potential/mV(Ep-Ea /mV) 
complex Oxl 0x2 Redl Red2 Red3 
9 -1232 (143) -1629 (62) 
10 -1302 (162) -1680 (138) 
11 -898 (125) -1248 (184) -1631 (58) 
12 -645(123) -1390(170) 
16 894 (43) 1134(110) -1043 (152) -1206(153) -1539(133) 
a) Oxidation 
The redox chemistry of organocobalt compounds is an area of current interest. 
Chemical and electrochemical reduction of organocobalt complexes usually result in 
cleavage of the cobalt-carbon bond.46 Oxidation may also result in cleaving this bond, 
yielding a variety of products.16e 
Cyclic voltammetry of complexes 10 to 12 indicates that the first oxidation is 
irreversible as evidenced by the absence of a corresponding cathodic peak in the cyclic 
voltammogram. Fig. 2 depicts the reduction of complexes 9 - 12 and 16 in PhCN 
containing 0.1 M of TBAP. It has been reported that ethyl(5, 10, 15 20-tetraphenyl 
porphyrinato)cobalt(III) (EtCoTPP) shows a similar pattern.16e When the temperature 
was lowered from 23 to -40 C a quasi-reversible process was observed. Such 
behavior is a characteristic of an oxidation followed by a chemical reaction, the rate of 
which is decreased by lowering the temperature. Also, Dolphin and coworkers16e 
observed a reversible oxidation wave for (ethoxycarbonyl)-(5, 10 15, 20-
tetraphenylporphyrinato)cobalt(III) (EtOC(O)CoTPP) and revealed that the ester group 
migrates from the cobalt to the pyrrolic nitrogen at -40 °C. In our case, the complex 
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(EtO)2(0)PCoTTP 16 was shown to have a reversible oxidatione wave which is 
possible that it has a similar characteristic as the EtOC(C))CoTPP. 
b) Reduction 
The reductions were irreversible for all four complexes due to the large 
separation between the cathodic and anodic potential or the absence of the 
corresponding anodic peak. 
Thermolysis of (Me2N)2(0)PCoTPP 9 
In order to gain an idea of the thermal stability of the cobalt-phosphoryl bond, the 
thermolysis of 9 in the presence of excess TEMPO (10 equivalents) as a radical trap 
was carried out in C6D6 at 60 °C under anaerobic conditions. The reaction was 
monitored by NMR spectroscopy. The lH NMR spectra remained unchange after 
heating for 84 h. After raising the temperature to 90 °C, 9 was decomposed within 112 
h. Though other experiments are required to ascertain the kinetics and mechanism of 
decomposition, it seems that the Co-P bond is not a strong bond. 
2. Synthesis of RhodiumdlTH Porphvrin-phosphorvls 
We further expanded the synthetic utility of the phosphoryl anion in the 
preparation of the rhodium(III) derivatives. The rhodium(III) porphyrin chlorides 18 
and 19 were prepared from the metallation of the corresponding free base porphyrin 
with RhCl3.3H20 in refluxing PhCN for 1 h (eq 19).47 Bis(dimethylamino)phosphoryl 
lithium, generated from MeLi/HMPA/THF, was added to RhTPPCl 18 and RhTTPCl 
19 to yield the rhodium(III) porphyrin-phosphoryls 20 (57 %) and 21 (49 %) 
respectively (eq 20). The rhodium(III) porphyrin-phosphoryl complexes 20 and 21 
showed similar spectroscopic properties as those of cobalt(III) porphyrin-phosphoryls. 
The iH, 13C NMR data are summarized in Table 10. These two complexes also 
showed two characteristic upfield singlets of bis(dimethylamino) protons at near zero 
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ppm and the upfield shifts were due to the porphyrin ring current. The 13C spectra of 
complex 20 and 21 also showed singlets at 36.11 and 34.76 ppm respectively which 
correspond to the bis(dimethylamino) carbons. 
PhCN 
H2Por + RhCI3.3H20 ^ CIRhPor (19) 
reflux, 1 h 
For: TPP18 (96%) 
TTP19 (95%) 
1. THF, 0 °C, N2, 30 min ^ 
HMPA + MeLi • (Me2N)2PRhPor (20) 
2, CIRhPor, THF N2 ‘ 
-78 to 0 °C 
20: Por = TPP 57 % 
21: Por = TTP 49 % 
Table 10. Selected lH and 13C chemical shift of complexes 20 and 21. 
8 of bis(dimethylamino) 5 of bis(dimethylamino) 
complex 
protons (ppm) carbon (ppm) 
20 -0.30, -0.26 36.11 
21 -0.32 -0.28 34.76 
Table 11 summaries the 31P NMR data of complexes 20 and 21. A doublet was 
observed in the 31P NMR spectra which corresponds to the phosphoryl group coupled 
to 103Rh (I = 1/2). 
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Table 11. Chemical shifts and coupling constants of complexes 20 and 21 in 
31P NMR spectra. 
complex 5 of the phosphoryl group in 31P NMR R^h-P (Hz) 
Wj/2 (ppm) 
20 31.36 124.1 
21 33.59 123^  
The IR spectra of complexes 20 and 21 indicated that Dp=o appears at 1354 cm4 
and 1352 cm"1 respectively Cop=o = 1296 cnr1 in HMPA).29 It is possible that the 
bond order of P-O bond in the rhodium(III) porphyrin-phosphoryls is higher than that 
in HMPA since the phosphoryl group binding to an electron-deficient rhodium(III) 
center increases the P=0 character. 
28 
CONCLUSION 
The syntheses of the cobalt(III) porphyrin-silyls were attempted from both 
nucleophilic and electrophilic routes, but remained unsatisfactory in spite of numerous 
effort. In the reaction of MesSiLi with the cobalt(III) porphyrin bromides, it was found 
that the HMPA participates in the reaction through the generation of 
bis(dimethylamino)phosphoryllithium by reacting with MeLi. This phosphoryl anion 
reacts with the cobalt(III) porphyrin bromides and produces the novel cobalt(III) 
porphyrin-phosphoryls in moderate yields. This serendipitous discovery reveals certain 
important and interesting aspects: 1) MesSiLi only reduces the electrophilic cobalt(III) 
porphyrin bromides to cobalt(II) porphyrins; 2) (Me2N)2(0)PLi is generated via the 
reaction of MesSiLi with HMPA which in turn reacts with the cobalt(III) porphyrin 
bromides to yield the cobalt(III) porphyrin-phosphoryls and 3) novel cobalt porphyrins 
containing a Co-P a bond have been synthesized. The cobalt(III) porphyrin-
phosphoryls have been characterized by 13C, 31P NMR, IR, UV and cyclic 
voltammetry. The complex 9 was also characterized by X-ray crystallography. In 
conclusion, it should be cautioued in the reaction of MesSiLi, generated from 
(Me3SiSiMe3/HMPA/MeLi), with organometallic electrophiles. The phosphoryl anion 
may also be generated and reacts with the organometallic electrophile. 
(Me2N)2(0)P" anion generated in MeLi/HMPA/THF reacts successfully with 
rhodium(III) porphyrin chlorides to give novel rhodium(III) porphyrin-phosphoryls. 
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Part 2: Synthesis of Rhodium(III) Porphyrin-silyls 
INTRODUCTION 
As we have that the cobalt(III) porphyrin-silyls could not be successfully 
synthesized via both nucleophilic cobalt(I) porphyrin route16 and electrophilic 
cobalt(III) porphyrin route,20 we suspected that either the thermodynamic or kinetic 
lability of the cobalt porphyrin-silyls, if generated, causes the problem. Since the bond 
strength of transition metal-alky 1 increases down the group,48athe transition metal-
silicon bond strength is suspected to have a parallel trend.48b Therefore, we tried to 
synthesize the rhodium(III) porphyrin-silyls for two reasons : 1) rhodium is in a period 
down from the cobalt which may form a stronger bond with silicon and therefore more 
stable complexes; 2) rhodium complexes have been used as active catalysts in the 
hydrosilation reactions.49 Synthesis of the rhodium(III) porphyrin-silyls and further 
determination of their bond dissociation energies would provide important information 
in understanding the hydrosilation mechanism. 
Rhodium(I) complexes such as RhCl(PPh3)3 HRh(CO)(PPh3), [Rh(CO)2Cl]2, 
[Rh(C2H4)2Cl]2, Rh(acac)(CO)2 etc., have been demonstrated to have similar 
reactivity as the platinum catalysts in the hydrosilation of olefins.49 Rhodium-cobalt 
clusters like Co2Rh2(CO)i2, Rh4(CO)i2 and (tBuNC)RhCo(CO)4 catalyze the 
silylformylation of hydrosilanes and 1-hexyne at 10 atm of CO to give (Z)-l-silyl-2-
formyl-l-hexenes (eq 21).50 Wilkinson's catalyst was also found to catalyze the 
addition of hydrosilanes to 1-alkyne to give the corresponding 1-silylalkenes under 
mild conditions in high yields (eq. 22). 
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R3SiH, CO, (21) 
Cat. CHO 
+ 
Cat. = Co2Rh2(CO)i2, Rh4(CO)i2 and (tBuNC)RhCo(CO)4 
R3Si = PhMe2Si, EtMe2Sit Et3Si, (MeO)3SiH, Ph3SiH and Ph2MeSiH 
Rh(PPh3)CI SiMe2Et 
+ H S i M e 2 E t ( 2 2 ) 
+ 
SiMe2Et 
The hydrosilation of phenylacetylene with the phenyldimethylsilane catalyzed 
by RhCl(PPh3) or RhCl(CO)(PPh3)2 gives the p-silylstyrene with only a small amount 
of the a-silylstyrene in excellent yield (eq 23).51 





According to Pertz,52 CpRhm(C2H4)(SiR3)H contains all the essential ligands 
for the key intermediate in the Chalk-Harrod mechanism of hydrosilation, yet it was 
shown that the hydrosilation toward alkenes and trialkylsilanes does not proceed via 
the Chalk-Harrod mechanism or its variants involving silyl migration which the silyl 
group migrates to the alkene and the product is formed by C-H reductive elimination.4 
Because of these discrepancies in the rhodium catalyzed hydrosilation, a knowledge of 
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the rhodium-silicon bond dissociation energy would be important. 
The synthesis of rhodium silyls have been mainly achieved through the 
oxidation of silanes into low valent rhodium metal centers.2 Recently, a non-concerted 
radical example of the reaction of arhodium porphyrin dimer with a silane to yield 
rhodium(III) porphyrin-silyls has been documented.53 It is however a somewhat 
inconvenient synthesis of the rhodium porphyrin silyl from the rhodium porphryin 
dimer.54 
In order to develop a general and convenient synthesis of the rhodium(III) 
porphyrin-silyls for the studies of their properties including the measurement of BDE, 
we were thus initiated to synthesize their rhodium(III) porphyrin-silyls. 
In the following section, we will first report an efficient synthesis of the 
rhodium(III) porphyrin silyls via a nucleophilic rhodium(I) porphyrin route and then an 
electrophilic rhodium(III) porphyrin route. 
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RESULTS AND DISCUSSIONS 
1. Synthesis of the rhodium(III) porphyrin-silvls 
A. Nucleophilic Rhodium Route 
The rhodium(III) porphyrin-silyls were synthesized from the reaction of 
nucleophilic rhodium porphyrins and electrophilic trialkylsilyl synthon. Rhodium(I) 
porphyrins were generated by two pathways, one from the reduction of rhodium(III) 
porphyrin chloride with sodium amalgam16 and another from the reduction of 
rhodium(III) porphyrin chloride with sodium borohydride.54 Rhodium(I) porphyrin can 
in turn react with the chlorotrimethylsilane to produce the rhodium(III) porphyrin-
silyls. 
Rhodium(III) porphyrin chlorides 18 and 19 were prepared by refluxing the 
corresponding free base porphyrins with RhCl3.3H20 in PhCN for 1 h(eq 20). The 
reduction of 19 by Na/Hg was firstly carried out for a period of 1 d. However 
incomplete generation of the rhodium(I) porphyrin anion was resulted leading to a low 
yield of 23 (8 %) after subsequent reaction with MesSiCl. Therefore, the reduction of 
18 and 19 in toluene using Na/Hg at r.t. under N2 were carried out for 2d.16 
Subsequent reaction of degassed Me3SiCl with Rh^ or generated in the absence of 
light under N2 gave an orange-red solution (eq 24). After purification, the rhodium(III) 
porphyrin-silyls 22 and 23 were isolated. 
1. toluene, N2, 2d , ^ 
CIRhPor + Na/Hg ^ Me3SiRhPor (24) 
2. Me3SiCI, N2) 30 min 
absence of light 
^ Por = porphyrin 
Rl
 =
 S i M e3 
M R' M=J 22: R = Ph 29% 





Complexes 22 and 23 exhibited characteristic and 13C resonances. In the iH 
NMR spectra, these two complexes 22 and 23 showed high field singlets at -3.82 and 
-3.81 ppm respectively with each corresponding to nine protons which are due to the 
timethylsilyl groups. The upfield shift to -3.81 ppm is due to the porphyrin ring current 
effect on the in ring Me3Si substituent. The 13C NMR spectra of complex 22 and 23 
showed high field signals at -1.72 and -1.74 ppm respectively corresponding to the 
timethylsilyl carbons. An interesting aspect in the 13C NMR spectra was that all the 
tolyl carbons are non-equivalent. It showed four singlets for the C2-C6 and C3-C5 
positions (Fig. 4). In the five coordinated rhodium complex 22, since the 18 K 
porphyrin macrocycle and the phenyl group are othrogonal, the C2-C6 and C3-C5 
showed chemical shift difference. 
The gate-decouped 13C NMR spectrum of complex 23 aids us in assigning all the 
carbons of the porphyrin ring and the MesSi group. The chemical shifts and l3C-lH 




23 R = p-CH3C6H4 
R' = SiMe3 
Fig. 4 
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Table 12. Chemical shifts and 13C- coupling constants of the complex 23 
Carbon Chemical Shift, 5 JC-H(HZ) 
1 123.38 
2 128.67 141.4 
3 134.55 159.3 
4 137.84 
5 134.20 164.9 
6 127.96 141.4 
7 22.22 127.1 
meso 144.20 
a 139.94 
p 131.83 141.4 
Me
 3Si carbon ^09 120.5 
The 29Si NMR spectra of complex 22 and 23 showed a upfield singlet at 
-116.75 and -116.81 ppm respectively. Although the signals were not strong, they still 
indicated the presence of a upfield silicon. Again, the upfield shifted signal was due to 
the porphyrin ring current effect and the magnitude was comparable to the literature 
value of Et3SiRh(OEP). The line widths at half maximum of complexes 22 and 23 
were 1590 and 2226 Hz respectively. 
The structure of 22 was consolidated by a single-crystal X-ray diffraction study 
and was depicted in Fig. 3. Details of data collection and processing parameters was 
given in appendix II. Bond angles and bond lengths of the complex 22 are summarized 
in Table 13. 
35 
a”, 
/. '^ 1-101 :( 81 _ [A 
C14 3) ^ ^ CU71 / k ' ' / CI2" 
0‘51 Y" \
 rP) 
an O ^ y p^z^ 
' " R 
casi / <7 \ ct32i 
. “ = ¾ 
Fig. 3 ORTEP drawing of (5,10,15,2Q-tetraphenylporphyrinato) trimethylsilyl 
"“ rhodium(III) (22) (a) and edge view (b). Hydrogens have been omitted for 
clarity. 
The coordination sphere of the rhodium atom shows a square pyramidal 
geometry with four porphyrinato nitrogen atoms occupying the basal sites and the 
silicon atom of trimethylsilyl group residing at the axial site. The mean bond length of 
the Rh-N bonds is 2.016 A which agrees with those five-coordinated 
organorhodium(ni) porphyrins.53 The Rh-Si length is 2.035 which lies in the range 
of the reported rhodium porphyrin-silyl bond lengths?3 The porphyrin ring is close to 
planar with a mean deviation of 0.0756 A from the basal plane for the four nitrogens 
o 
whereas the nitrogen atoms deviate alternatively above and below it by 0.0232 A. 
This rhodium(III) porphyrin-silyls synthesis is advantageous to the Ogoshi 
method48 which is via the difficultly-accessible rhodium(II) porphyrin dimer.54 Our 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































B. Electrophilic Rhodium Route 
1. Synthesis of Rhodium(III) Porphyrin-silvls 
MesSiLi was generated by the reaction of Me3SiSiMe3 with the ethereal MeLi 
in HMPA at 0 C (eq. 25).22 Rhodium(III) porphyrin chloride 19 reacted Me3SiLi at 
-78 °C and was warmed slowly to 0 °C. After chromatographic purification, only 
rhodium(III) porphyrin-phosphoryl 21 was isolated and showed identical XH NMR 
spectral characteristics with the one prepared from MeLi/HMPA/ClRhPor route. 
1. HMPA, 0 °C, N2, 15 min ? 
Me3SiSiMe3 + MeLi • (Me2N)2PRhTTP (25) 
2. CIRhTTP, THF, N2 
-
7 8 t o 0
°
C 2 1
 4 2 % 
2. Synthesis of novel Rhodiumdll) porphvrin-silvlalkane 
During the course of the attempted synthesis of the rhodium(III) porphyrin-
silyls by the reduction of RhTTPCl 19 with NaBH4, a novel rhodium(III) porphyrin-
silylalkane was discovered. Addition with alkaline/NaBEU in a solvent mixture of 
MeOH/EtOH (1:1 v/v) changed the red suspension of CIRhTTP into a reddish brown 
solution indicating a typical color of Rh(I) porphyrin anion. Subsequent reaction with 
degassed Me3SiCl gave an orange suspension (eq 26) and 24 (60 %) was isolated after 
chromatographic purification. 
1. MeOH/EtOH, NaOH 
CIRhTTP + NaBH4 ~ N ? 50 °C> 1 h ^ SiH3CH2RhTTP (26) 
2. Me3SiCI, N2 
24 60% 
Complex 24 showed sharp proton resonances corresponding to the CH2SiH3 
protons and FABMS also showed a weak molecular ion peak at 816. The most direct 
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evidence of the structure of 24 came from a single X-ray crystallographic studies. The 
structure of 24 is shown in Fig. 4 and details of data collection and processing 
parameters is given in appendix III. Bond angles and bond lengths of the complex 24 
are summarized in Table 14. The coordination sphere of the rhodium atom shows a 
square pyramidal geometry with four porphyrinato nitrogen atoms occupying the basal 
sites and the carbon atom of CH2SiH3 residing at the axial site. The rhodium lies 0.064 
o 
A above the basal plane and the four nitrogen atoms deviate alternatively above and 
below the basal plane by 0.0353 A. The Rh-C bond length is 2.006 A while the Rh-N 
bond lengths ranges from 2.028 to 2.036 A which are consistent to other rhodium-
porphyrin-alkyls.55 
d Xx 
c / \ 
Fig. 4 Top view of (5 10,15,20-tetraptolylporphyrinato) silylmethylrhodium(III) 
(24) (a) and edge view (b). Hydrogens have been omitted for clarity. 
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Table 14 Bond angles and bond lengths of the complex 24 
H f ; :.:^ 1 3 -hr.) --1(2) :.:)35.:, 
L)-.:4(3) . JZ3 [1) =h( L} -• !) .-06 15) 
H i ) • J35 ( L) -• ,' ) '-.-00 ?) 
[( )-. ;^ '-.-CO ‘ ) -.:(“ '-.37: r.o) 
:":)..:(: :.293 .?) :fH)-.:(?) 1. 79 r_0) 
\\C) . 79 .::0) CC)-C( ) '..-29 (: 
'-.-155 (17) ,:(:)-.:(3) 1.33^  (L2> 
C>'3) -< (-) L.-LI (10) C(3)-.:(11) L.-32 (11) 
(12) C(5)-C(5) 1.355 (LL) 
C(6) -C(7) L.-20 (12) C(7)-.:(3) L.37“ (L0) 
,'C(3)-C(9) . 1.299 (12) 0(3)-0(13) L.i36 (ID 
C(?)-C(10) L.^ 5 (10) C(1Q)-C(10a) L.2^2 (15) 
C(li)-C(12) 1.231 (1A) G(ll)-C(15) L-357 (15) 
CC12) -C(13) 1.29^  (13) C(U)-C(1A) L.3^9 (16) 
C(1^ )-C(1j) 1.289 (15) G(U)-C(17) 1.515 (LM 
C(L5)-C(16) 1.196 (12) C(13)-C(19) 1. 59 (1 
C(13)-C(22) L.371 (12) G(19)-C(20) L.382 (12) 
C(20) -C(2L) L.396. (15) C(21)-C(22) 1.3^  (17) 
C(2L)-C(24) L.527 (15) G(22)-C(23) L.379 (13) 
C(25)-5i.(l) L.737 (12) C(26)-C1(1) 1.586 (^ 1) 
C(26)-C1(2) 1.733 (“6) C(25)-C1(3) 1.732 (3^ ) 
G(27)-Gi(^ ) L.393 (^ 7) C(27)-Gl(^ b) 1.^ 22 (3“ 
jr(i)-ah(l)-M(2) 90.L(2) N(l)-Rh(l)-H(3) 174.4(^ ) 
H(2)-Rh(l)-M(3) 90.0(2) M(l)-Rh(l)-C(25) 38.3(^ ) 
.H(2)-ah<l)-C(2i) 39.2(2) (^(3)-Rh(l)-C(25) 97.3(“ 
iT(l)-Rh(l)-^ (2i) 90.1(2) (^2)-Rh<l)-^ (2a) 178.3(^ ) 
ir(3)-ah(l)-H(2a.) 90.0(2) C(25)-Rh(l)39.2(2) 
Rh(l)-^ (1)-C(2) 126.2(^) Rh(l)-M(l)-C(2a) 126.2(^) 
C(2)-^ (1)-C(2a) L07.5(8) Rh(l)-C(^) 125.3(5) 
?Jh(l)-H(2)-C(7) 125.5(5) C(M-H(2)-C(7) 107.0(6) 
Rh(l)-M(3)-C(9) 126.0(4) Rh(l)-JT(3)-C(9a) 116.0(^) 
C(9)-M(3)-C(9a) 107.9(8) C(2)-C(l)-C(la) 103.4.(5) 
(^1)-C(2)-G(1) 107.3(7) N(l)-G(2)-C(3) 125.9(6) 
C(l)-C(2)-C(3) 126.3(7) C(2)-C(3)-G(^ ) 11^ .l{7) 
G(2)-C(3)-G(ll) Lia.l(6) C(4)-C(3)-C(ll) U7.3(7) 
1T(2)-C(4)-C(3) 126.1(7) N(2)-C(4)-C(5) 108.7(6) 
C(3)-G(M-C(5) 125.2(7) -G(5)-C(6) L08.0(7) 
C(5)-C<6)-C(7) L07.7(7) M(2)-C(7)-C(6) LOS.5(6) 
N(2)-C(7)-C(8) L24>(7) C(6)-C<7)-C(3) 126.9(7) 
C(7)-C(8)-C(9) L25.9(7) C(7)-C(8)-C<18) 117.3(7 
G(9)-C(8)-C(18) 116.5(6) (^3)-C(9)-C(8) U4.9(7) 
M(3)-C(9)-C(10) 108.L(7) G(8)-C(9)-C(1Q) US.6(7) 
G(9).C(10)-C(lGa) 107.9(5) C(3)-G(ll)-C<12) 122.2(9) 
C(3)-C(ll)-C(16) LZ0.8(9) C(12),C 11)-C(16) ' US.9(8) 
C(ll)-C(12)-C(13) 120.3(10) C(12)-G(13)-C(1M 122.3(10) 
C(13)-C(14)-G(15) U7>(9) C(13)-C(14)-C(17) 123.1(11) 
C<15)-G(1M-C(17) L19.6(10) C(U)-G(15)-C(16) L20.1(10) 
C(ll)-C(16)-C(15) 122.5(10) C(8)-C(18)-C(19) 121.2(7) 
G(8)-G<X8)-C(23) L20.1(8) C(19)-C(18)-C(23) 118.7(8) 
C(18)-C(19)-C<20) 1L9.6(9) C(19)-C(20)-C<21) 121.5(10) 
C(20)-C<21)-C<22) 117.7(9) C(2Q)-C(21)-C(24) 119.0(10) 
C(22)-C(2L)-C(2M 123.3(10) G(2l)-C(22)-C<23) L21X9) 
C(18).C(23)-C(22) 12L.K10) tlh(l)-C<25)-S 1(1) U8.3(7) 
C1(1)-C(26)-CI(2) LU.5(23) Cl(l)-C(26)-CI(3) 107.1(23) 
C1(2)-C(26)-G1(3^  L05.6<19) CL(^ )-C(27)-Cl(4b) 133.7(46) 
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This unexpected result may be caused by the selection of an unsuitable solvent, 
CH3CH2OH which would react with the trimethylsilylchloride. Although the crystal 
structure of 24 was characterized by X-ray structure determination and further 
supported by !H NMR and FABMS, it is worth noting that the 3JHH between 
methylene protons and the silyl protons was absent in iH NMR spectrum. The 13C 
spectrum was alsonot consistent to the structure of 24 due to the absence of silylmethyl 
carbon signal. Moreover, this reaction not reproducible and is therefore needs further 
experiments to fully elucidate the structure. 
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CONCLUSION 
The synthesis of the rhodium(III) porphyrin-silyls have been accomplished by 
the reaction of nucleophilic rhodium(I) porphyrin, generated from the reduction of 
rhodium(III) porphyrin chloride with sodium amalgam, with the chlorotrimethylsilane 
in moderate yield. A single crystal structure of MesSiRhTPP 22 has been determined 
with the Rh-Si bond length of 2.305 A. 
A serendipitous synthesis of a novel rhodium(III) porphyrin-silylalkane has 
been discovered from the reaction of chlorotrimethylsilane with rhodium(I) 
tetratolylporphyrin, generated by the reduction of rhodium(III) tetratolylporphyrin 
chloride with NaBH4 in CH3CH2OH. The structure of this complex is tentatively 




UV-vis spectra were recorded on a Hitachi U-3300 spectrophotometer using 
CH2CI2 as the solvent. IR spectra were recorded on a Perkin Elmer 1600 FT-IR 
spectrometer as a neat film on NaBr plates. aH NMR spectra were recorded on a 
Bruker WM 250 (250 MHz) spectrometer. Chemical shift (5) were reported with 
reference to the residual CHCI3 (5 7.24 ppm) in CDCI3 and coupling constant (J ) were 
reported in Hertz (Hz). 13C NMR spectra were obtained on either a Bruker WM 250 
(62.9 MHz) or Bruker AMX 500 (125 MHz) spectrometer and referenced to the 
residual CHCI3 (8 77.00 ppm) in CDCI3. 29Si NMR spectra was taken on a Bruker 
AMX 500 (99 MHz) spectrometer and the chemical shift (5) was referenced to the 
external standard TMS (0 ppm). 31P NMR spectra was recorded on a Bruker AMX 500 
(202 MHz) spectrometer and the chemical shift (8) was referenced to the external 
standard H3PO4 (0 ppm). FABMS spectra were recorded on a Joel JMS-HX 110 Mass 
Spectrometer using m-nitrobenzyl alcohol (NBA) as the matrix at National Tsing-Hua 
University, Taiwan. Elemental Analysis were performed by the Medac Ltd” 
Department of Chemistry, Brunei University, United Kingdom. Cyclic voltammetric 
measurements were carried out with a Bioanalytical System (BAS C¥-50W) 
voltammetric analyzer. The cell was composed of a platinum bottom working 
electrode, platinum wire auxiliary electrode and a silver-silver chloride pseudo 
reference electrode and ferrocene as the external standard. CH2CI2 and PhCN were 
distilled over CaH2 under N2. The solvent was purged with the solvent saturated 
anhydrous N 2 for a least 10 min before measurement. 
Unless otherwise noted, all materials were obtained from commercial suppliers 
and used without further purification. Tetrahydrofuran (THF) and toluene were 
distilled from the sodium benzophenone ketyl and sodium respectively and were 
immediately prior to use. HMPA was distilled from CaH2. Me3SiCl was distilled from 
CaH2 stored in a Telfon stoppered round-bottomed flask and was degassed by the 
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freeze-pump-thaw method (3 cycles) immediately prior to use. Silica gel (70-230 
mesh) was used for column chromatography. Thin layer chromatography (TLC) was 
performed on Merck percoated silica 60F254 plates. 
General procedure for preparation of cobaltdID porphyrin bromides: 
Cobalt(III) tetraphenylporphyrin bromide BrCoTPP (5)19 The preparation of 
BrCoTPP 5 was described as a typical example. To a solution of the cobalt(II) 
tetraphenylporphyrin (1) (0.30 g, 0.44 mmol) in CHCl3/MeOH (200 mL, 1 : 1), 
aqueous HBr (48 2 mL) was added. The mixture was stirred at r.t. for 2 h to give a 
red solution. CHCI3 (50 mL) was added and the mixture was washed with water (100 
mL) and dried (MgS 4). The mixture was evaporated to dryness to give a purple 
residue. The residue was recrystallized from CHCI3 and petroleum ether (bp 40-60 °C) 
to yield a purple solid. (0.31 g, 92 %). R/ = 0.30 (5 % MeOH in CHCI3 v/v); 
Cobalt(III) tetratolylporphyrin bromide BrCoTTP (6)19 The preparation of 
6 followed the procedure described above. CoTTP 2 (0.30 g, 0.41 mmol) and aqueous 
HBr (48 %, 2 mL) were stirred in CHCI3/ MeOH for 2 h to give a purple solid 6. (0.28 
g, 0.35 mmol, 86 %). Rf = 0.25 (5 % MeOH in CHCI3 v/v). NMR (CDCI3, 250 
MHz) 5 2.63 (s, 12 H), 7.50 (br, s, 8 H), 8.04 (br, s, 8 H), 8.74 (s 8 H). 
Cobalt(III) tetrakis(3, 4 5-trimethoxyphenyl)porphyrin bromide BrCoT(3, 4 5-
MeO)PP (7)19 The preparation of 7 followed the procedure described above. CoT(3, 
4, 5-MeO)PP 3 (0.30 g, 0.29 mmol) and aqueous HBr (48 % 2 mL) were stirred in (1 
:1 v/v) CHCl3/MeOH for 2 h to give 7 as a purple solid. (0.29 g, 0.27 mmol, 92 %). Rf 
=0.21 (5 % MeOH in CHCI3) XH NMR (CDCI3, 250 MHz) 5 3.94 (s, 24 H), 4.14 (s, 
12 H), 7.42 (d, 8 H) 8..87 (s, 8 H) 
Cobalt(III) tetrakis(p-trifluoromethylphenyl)porphyrin bromide BrCoT(p-
CF3)PP (8)19 The preparation of 8 followed a similar procedure as that of 5 
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described above. CoT(p-CF3)PP 4 (0.30 g, 0.32 mmol) and aqueous HBr (48 %, 2 mL) 
were stirred in CHCl3/MeOH for 2 h to give a purple solid 8 (0.27 g, 0.26 mmol, 82 
%). Rf = 0.33 (5 % MeOH in CHC13); Anal. Calcd for C48H24BrCoFi2N 2H20: C, 
54.41 H, 2.66 N, 5.29 Found: C, 56.59, H, 2.45 N, 5.37. 
Procedure for the preparation of cobaltaiD porphvrin-phosphorvl complexes in the 
from hexamethvldisilane/ MeLi/ HMPA 
5 10 15, 20-tetraphenylporphyrinato [bis(dimethylamino) phosphoryl] cobalt (III) 
(Me2N)2P(0)CoTPP (9) The preparation of (Me2N)2P(0)CoTPP 9 was described 
as a typical example. To a solution of hexamethyldisilane (0.36 g, 2.5 mmol ) in 
HMPA (2.0 mL) at 0 °C, ethereal MeLi (1.6 M, 1.43 mL, 1.5 mmol) was added via a 
syringe to give an orange solution and the reaction was stirred for 15 min. Freshly 
distilled THF (10 mL) was then added and the solution was cooled to -78 °C. A 
solution of BrCoTPP 5 (0.10 g, 0.13 mmol) in freshly distilled THF (10 mL) was 
added via a cannular dropwisely. The mixture was allowed to warm to 0 °C slowly for 
1 h and was poured into pentane (50 mL). It was then washed with water (50 mL x 2) 
and dried (MgSCU). After removal of the solvent, the red residue was chromatographed 
over silica gel using CH2C12 as the eluent to give the CoTPP (28 %) and 5 % MeOH in 
CH2CI2 (v/v) as eluent to elute the red product fraction. The solvent was removed to 
give a red solid. The solid was recrystallized by a mixture of CH^ Ch/hexane to give 
the pure red crystals. (0.067 g, 62 %); Rf = 0.24 (CH2C12 : acetone = 3:1); NMR 
(CDCI3, 250 MHz) 5 -0.30 (s, 6 H), -0.27 (s, 6 H), 7.23 (s, 12 H), 8.10 (d, 8 H, J =4.3 
Hz), 8.85 (s 8 H); 13C NMR (CDCI3, 62.9 MHz) I 35.00, 122.29, 127.05 127.93 
132.80 133.60, 141.94 146.44; 31P NMR (CDCI3, 202 MHz) 6.95 (line width = 1096 
Hz); UV-vis (CH2C12), max nm (log £) 408 (5.22), 530 (4.17); IR (thin film) 3054, 
2923 1352, 752 cm]; FABMS m/z 806 (M+); Anal. Calcd for 
C48H40CON6OP.CH2C12: C, 66.05; H 4.76; N 9.44; P 3.84. Found: C, 66.48; H 
4.87; N, 9.23; P, 3.35. 
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5 10 15 20-tetratolylporphyrinato [bis(dimethylamino) phosphoryl]cobalt(III) 
(Me2N)2P(0)CoTTP (10) The preparation of (Me2N)2P(0)CoTTP 10 followed a 
procedure similar to that for 9 described above. A solution of BrCoTTP (0.10 g, 0.128 
mmol) in THF (10 mL) was added to the Me3SiLi [HMDS (0.36 g, 2.5 mmol)/ HMPA 
(2 mL)/ MeLi (1.6 M, 1.43 mL, 1.5 mmol)] in THF (10 mL) at -78 °C and was warmed 
slowly to 0 °C for 1 h to give 10 as a red solid. (0.081 g, 73 %). R/ = 0.21 (CH2C12 
acetone = 3:1); NMR (CDC13, 250 MHz) 5 -0.36 (s, 6 H), -0.33 (s, 6 H), 2.64 (s 
12 H) 7.48 (d, 8H, 7 = 7.8 Hz), 7.95 (d, 8 H, / = 7.8 Hz), 8.82 (s, 8 H); 13C NMR 
(CDCI3, 62.9 MHz) 5 21.48, 35.01 122.09 127.61 132.65 133.23 137.31, 138.91 
146.38; Gate decoupling 13C NMR (C^, 125.8 MHz) 5 22.15 (/
 C-H 126.4 Hz), 
36.06 (q, /c-H = 136.7 Hz), 123.30 (d, JC-H = 156.6 Hz), 133.65 (d J C-B = 133.7 
Hz), 134.30 (d, J c-H = 173.9 Hz), 138.07, 140.31 145.68; 31P NMR (CDCI3, 202 
MHz) 11.47; UV-vis (CH2C12), max nm (log £) 410 (5.18) 531 (4.14); IR (thin film) 
3022, 2921, 1352, 780 cm"1 FABMS m/z 863 (M++1); Anal. Calcd for 
C52H48CON6OP. H20: C, 70.90; H, 5.72; N 9.54; P, 3.52. Found: C, 71.29; H, 5.69; 
N, 9.46; P, 3.98. 
5 10 15 20-tetrakis(3, 4 5-trimethoxyphenyl)porphyrinato [bis(dimethylamino) 
phosphoryl]cobalt(III) (Me2N)2P(0)CoT(3, 4, 5-MeO)PP (11) The preparation 
of (Me2N)2P(0)CoT(3, 4 5-MeO)PP 11 followed a procedure similar to that for 9 
described above. A solution of BrCoT(3, 4 5-MeO)PP 7 (0.10 g, 0.09 mmol) in THF 
(10 mL) was added to the Me3SiLi [HMDS (0.36 g, 2.5 mmol)/ HMPA (2 mL)/ MeLi 
(1.43 mL, 1.5 mmol)] at -78 C in THF (10 mL) and was warmed slowly to 0 °C to 
give 11 as a red solid. (0.96 g, 91 %). R/ = 0.22 (CH2C12 : acetone = 3:1) NMR 
(CDCI3, 250 MHz) 6 -0.29 (s, 6 H), -0.26 (s, 6 H), 3.92 (s, 24 H), 4.12 (s 12 H), 7.31 
(s 8 H) 8.94 (s 8 H); 13C NMR (CDCI3, 62.9 MHz) 8 35.09 56.55, 61.32 111.98, 
122.09, 132.99, 137.21, 138.20 146.43 151.97; 31P NMR (CDCI3, 202 MHz) 8.76; 
UV-vis (CH2C12), W , nm (log 8) 413(5.15), 531 (4.07); IR (thin film) 2936, 2836 
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1361 762 cnr1 FABMS m/z 1166 (M+); Anal. Calcd for C6oH66CoN6013P.H20. C 
60.09; H, 5.78; N, 7.08; P, 2.61. Found: C, 60.56;H, 5.48; N, 6.59; P, 2.52. 
5 10 15 20-tetrakis(p-trifluoromethylphenyl)porphyrinato [bis(dimethylamino) 
phosphoryl]cobalt(III) (Me^ )2P(0)CoT(p-CF3) PP (12) The preparation of 
(Me2N)2P(0)CoT(p-CF3)PP 12 followed a procedure similar to that for 9 described 
above. A solution of BrCoT(p-CF3)P 8 (0.10 g, 0.10 mmol) in THF (10 mL) was 
added to the Me3SiLi [HMDS (0.36 g, 2.5 mmol)/ HMPA (2 mL)/ MeLi (1.43 mL, 1.5 
mmol)] in THF (10 mL) at -78 °C and was thus warmed up slowly to 0 °C to give 12 as 
a red solid. (0.055 g 51 %). R/ = 0.30 (CH2C12 : acetone = 3:1); NMR (CDC13, 
250 MHz) 6 -0.31 (s, 6 H), -0.27 (s 6 H), 8.01 (d, 8 H, 8.0 Hz), 8.23 (d, 8 H, 8.0 Hz), 
8.981 (s, 8 H); 13C NMR (CDCI3, 62.9 MHz) 5 29.64, 35.01 120.98’ 124.10, 126.71 
133.12 133.46, 145.14, 146.05; 31P NMR (CDCI3, 202 MHz) 7.02; UV-vis (CH2C12), 
max, nm (log e) 408 (5.41) 529 (4.33); IR (thin film) 3036, 2925 1353, 772 cnr1; 
FABMS m/z 1078 (M+); Anal. Calcd for C52H36Fi2CoN6OP: C, 57.84; H, 3.36; N, 
7.78; P, 2.82. Found: C 57.57; H, 3.99; N, 6.91; P, 2.69. 
Preparation of rMe9N)2P(<0^ CoTTP 10 from the reaction of HMPA and RLi (R = Bu 
and Me) 
(ME2N)2P(0)COTTP 10 To a solution of HMPA (0.41 g, 2.3 mmol) in 
THF (5 mL) at 0 °C, n-BuLi in hexane (1.6 M, 1.44 mL, 2.3 mmol) was added via a 
syringe under N2. The solution was stirred for 30 min to give a yellow solution and 
was cooled to -78 °C. A solution of BrCoTTP 6 in THF (10 mL) was added via a 
cannular under N2. It was then warmed up to 0 C and was poured into pentane (50 
mL). The mixture was thoroughly washed with H2O (50 mL x 2) and dried (MgSO . 
After removal of the solvent, the red residue was chromatographed over silica gel using 
CH2C12 as eluent to give the CoTPP (15 %) and then with a solvent mixture of 
Qj2Cl2/MeOH (95 : 5) as the eluent tQ obtain the red fraction. The solvent was 
removed to give 10 as a red solid. (0.057 g, 52 %). Rf = 0.081 (CH2C12 acetone = 3 : 
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1); !H NMR (CDCI3, 250 MHz) 8 -0.36 (s, 6 H), -0.33 (s, 6 H), 2.65 (s, 12 H), 7.49 (d 
8 H,«/ = 7.8 Hz), 7.96 (d, 8 H, 7 = 7.8 Hz), 8.86 (s, 8 H). 
(Me2N)2P(0)CoTTP 10 To a solution of HMPA (0.41 g, 2.3 mmol) in THF (5 
mL), ethereal MeLi (1.6 M, 1.44 mL, 2.3 mmol) was added via a syringe at 0 °C under 
N2. After stirring for 30 min, BrCoTTP 6 (0.10 g, 0.128 mmol) in THF (10 mL) was 
added at -78 °C. Following the same procedure described above, 10 was isolated as a 
red solid. (0.061 g, 55 %). R/ = 0.08 (CH2C12 : acetone = 3:1); l¥L NMR (CDCI3, 
250 MHz) 8 -0.36 (s, 6 H), -0.33 (s 6 H), 2.64 (s, 12 H), 7.48 (d, 8 H, = 7.8 Hz), 
7.95 (d, 8 H, / = 7.8 Hz), 8.82 (s 8 H); 13C NMR (CDCI3, 62.9 MHz) 5 21.50, 35.01, 
122.08, 127.59, 132.62, 133.21, 137.31 138.91 146.36. 
Procedure for the preparation of 10 from the reaction of 6 with RofOPK (R = Me? 
EtOl 
(Me2N)2P(0)COTTP 10 To a suspension of K (0.25 g 0.633 mmol) in THF (10 
mL) at r.t., (Me2N)2(0)PCl (0.098 g, 0.575 mmol) was added via a syringe under N2. 
The yellow mixture was stirred at r.t. for 24 h and was chilled to -78 C. A solution of 
BrCoTTP 6 in THF (10 mL) was added via a cannular and the mixture was warmed up 
to 0 C slowly. The red mixture was then poured into pentane (50 mL), washed 
thoroughly with H2O (50 mL x 2) and dried (MgS 4). After removal of the solvent, 
the red residue was chromatographed over silica gel using CH2CI2 as the eluent to give 
the CoTPP (20 %) and then a solvent mixture of CH2C12/ MeOH (95 : 5) as eluent to 
give 10 as a red solid. (0.042 g, 38 %)• R/ = 0.08 (CH2C12 : acetone = 3:1); NMR 
(CDCI3, 250 MHz) 6 -0.33 (s, 6 H) -0.29 (s, 6 H), 2.65 (s 12 H), 7.49 (d, 8 H, / = 7.8 
Hz), 7.96 (d, 8H, 7 = 7.8 Hz), 8.86 (s, 8 H). 
5 10 15 20-tetratolylporphyrinato (dimethoxyphosphoryl)cobalt(III) 
(EtO)2(0)PCoTTP (16) The preparation of (Me2N)2P(0)CoTTP 16 followed the 
procedure described above. To a suspension of K (0.099 g, 2.53 mmol) in THF (10 
48 
mL) at r.t., (EtO)2(0)PCl (0.397 g, 2.30 mmol) was added via a syringe under N2. The 
yellow mixture was stirred at r.t. for 24 h and was cooled to -78 C. A solution of 
BrCoTTP 6 in THF (10 mL) was added via a cannular and the mixture was warmed up 
to 0 °C slowly. After chromatographic purification, 16 was isolated as a red solid. 
(0.062 g, 58 %). Rf = 0.62 (5 % MeOH in CH2C12) NMR (CDCI3, 250 MHz) 50-
0.21 (t, 6H, J = 7.0 Hz), 0.64 (q, 2 H, 7 = 3.3 Hz), 1.03 (q, 2 H, 7 = 3.3 Hz), 2.68 (s 
12 H), 7.53 (d, 8 H / = 7.5 Hz), 7.99 (d, 8 H, / = 7.5 Hz), 8.94 (s, 8 H); 13C NMR 
(CDCI3, 62.9 MHz) 8 14.85, 21.45, 58.52, 122.38, 127.61 132.70, 133.33 137.41, 
138.76, 146.01; 31P NMR (CDCI3, 202 MHz) 6.13; UV-vis (CH2C12), max, nm (log 
8) 410 (4.51), 526 (3.33); IR (thin film) 3024 2922 1353, 733 cm"1 FABMS M+ m/z 
864; Anal. Calcd for C52H46CoN403P. H20: C, 70.74; H, 5.48; N 6.35; P, 3.51. 
Found: C 71.56; H, 5.25; N, 6.36; P, 3.52. 
Procedure for the preparation of rhodium (III) porphyrin chloride 18 - 19 
Rhodium(III) tetraphenylporphyrin chloride CIRhTPP (18) To a hot solution of 
H2TPP (0.30 g, 0.48 mmol) in PhCN (30 mL), RhCl3.3H20 (0.25 g, 0.95 mmol) was 
added and the solution was refluxed for 1 h to give a red solution. After removal of the 
solvent by high vacuum, the crude product was chromatographed over silica gel using 
CHCI3 as eluent to give 18 as a red solid. (0.35 g, 0.47 mmol, 95 %). R/= 0.60 (1:1 
hexane/CH2Cl2) NMR (CDCI3, 259 MHz) 5 7.95 (m, 12 H), 8.12 (d, 8 H, 7 = 4.3 
Hz), 8.96 (s, 8 H). 
Rhodium(III) tetratolylporphyrin chloride CIRhTTP (19) To a hot solution of 
H2TTP (0.30 g, 0.48 mmol) in PhCN (30 mL), RhCl3.3H20 (0.25 g, 0.95 mmol) was 
added and the solution was refluxed for 1 h to give a red solution. After removal of 
solvent by high vacuum, the crude product was chromatographed over silica gel using 
CHCI3 as eluent to give 19 as red solid. (0.36 g, 0.45 mmol, 96 %). Rf = 0.78 (1:1 
hexane/CH2Cl2) lH NMR (CDCI3, 250 MHz) 6 2.70 (s, 12 H) 8.07 (d, 4 H, / = 7.5 
Hz), 8.20 (d, 4 H = 7.5 Hz), 8.94 (s, 8 H). 
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General procedure for the preparation of rhodium (III) porphvrin-phosphorvl 
complexes.20 - 21 
5 10 15 20-tetratolylporphyrinato [bis(dimethylamino) phosphoryl]rhodium(III) 
(Me2N)2P(0)RhTTP (21) The preparation of (Me2N)2P(0)RhTTP 21 was 
described as a typical example. To a solution of HMPA (0.029 g, 0.028 mL, 0.17 
mmol) in freshly distilled THF (10 mL) under N2 at r.t., ethereal MeLi (0.026 g 0.11 
mL, 0.17 mmol) was added via a syringe to give a yellow solution and the solution was 
stirred for 0.5 h. The mixture was cooled to -78 °C and a solution of CIRhTTP 19 (0.1 
g, 0.13 mmol) in freshly distilled THF (10 mL) was added via a syringe. The red 
mixture was allowed to warm to 0 °C and was poured into 50 mL pentane, thoroughly 
washed with water (50 mL x 2) and dried (MgS04). After removal of solvent, the red 
residue was chromatographed on silica gel using 5 % MeOH in CH2CI2 as the eluent. 
The solvent was removed and the orange residue was recrystallized from a mixture of 
CH2Cl2-hexane to give orange crystals of 21. (0.053 g, 49 %). Rf = 0.15 (CH2C12 : 
acetone = 3:1); _ NMR (CDCI3, 250 MHz) 6 -0.32 (s, 6 H), -0.28 (s, 6 H) 2.67 (s, 
12 H), 7.37 (d 8H, 7 = 7.7 Hz), 7.99 (d, 4 H, / = 7.2 Hz), 8.07 (d, 4H,7 = 7.2 Hz), 
8.76 (s 8 H); 13C NMR (CDCI3, 62.9 MHz) 5 21.51, 34.76, 123.40, 127.63’ 131.46, 
133.94 137.46, 139.41 144.15; 31P NMR (CDCI3, 202 MHz) 33.59 (d, JRh.P = 123.5 
Hz); UV-vis (CH2C12), max, nm (log e) 418 (5.34) 522 (4.44); IR (thin film) 2923, 
2852, 1352, 798 cm"1; Anal. Calcd for C52H48N6OPRh: C, 68.87; H, 5.34; N, 9.27. 
Found: C, 68.54; H, 6.19; N, 7.65. 
5 10 15 20-tetraphenylporphyrinato [bis(dimethylamino) 
phosphoryl]rhodium(III) (Me2N)2P(0)RhTPP (20) The preparation of 
(Me2N)2P(0)RhTPP 20 followed the procedure described above. A solution of 
RhTPPCl 18 (0.100 g, 0.133 mmol) in THF (10 mL) was added to the HMPA (0.025 g, 
0.144 mmol)/ MeLi (0.026 g, 0.144 mmol) at -78 °C and was warmed slowly to 0 °C. 
After removal of the solvent, the red residue was chromatographed on silica gel using 5 
50 
% MeOH in CH2C12 as the eluent to give a red solid of 20 (0.065 g, 57 %). R/ = 0.10 
(CH2C12 acetone = 3:1); NMR (CDC13, 250 MHz) 5 -0.30 (s 6 H), -0.26 (s, 6 
H), 7.70 (m, 12 H,), 8.12 (d 4H, J = 7.2 Hz), 8.18 (d, 4H, J = 7.2 Hz), 8.76 (s, 8 H); 
1¾ NMR (CDCI3, 62.9 MHz) 8 29.68, 126.91 127.69 132.47, 134.21 134.74, 
142.01, 142.85; 31P NMR (CDCI3, 202 MHz) 31.36 (d, JRh-P = 124.1 Hz); UV-vis 
(CH2CI2), max nm (log £) 408 (5.07), 529 (4.02); IR (thin film) 2955 2925, 1354, 
793 cm"1. 
Procedure for the preparation of rMeoNnoP^ O^ T^PP 20 bv the "HMPA-Me^SiLi" 
method 
(Me2N)2P(0)RhTTP (20) The preparation of (Me2N)2P(0)RhTTP 20 followed a 
procedure similar to that for 9 described above. A solution of CIRhTTP (0.100 g, 0.133 
mmol) in THF (10 mL) was added to the Me3SiLi [HMDS (0.36 g, 2.5 mmol)/ HMPA 
(2 mL)/ MeLi (1.6 M, 1.43 mL, 1.5 mmol)] in THF (10 mL) at -78 C and the solution 
was warmed up slowly to 0 °C for 1 h to give 20 as a red solid. (0.047 g, 42 %)• R/ = 
0.11 (CH2C12 acetone = 3 : 1); NMR (CDCI3, 250 MHz) 5 -0.30 (s, 6 H), -0.26 (s, 
6 H), 7.70 (m, 12 H ) 8.12 (d, 4 H, / = 7.2 Hz), 8.18 (d 4 H, / = 7.2 Hz), 8.76 (s, 8 
H); 13C NMR (CDCI3, 62.9 MHz) 5 21.51, 34.76., 123.40 127.63 131.46, 133.94, 
137.46 139.41, 144.15. 
Preparation of trans-3-trimethvlsi1v1-2-methvlcvclohexanone (15) 
A solution of Me3SiSiMe3 (0.50 mL, 2.50 mmol) in anhydrous HMPA (2 mL) 
was cooled to 0 °C under N2. Ethereal MeLi (1.25 mL, 2 mmol) was added via a 
syringe and the resulting orange solution was stirred for 15 min to complete the 
preparation of trimethylsilyllithium. Freshly distilled THF (10 mL) was added and the 
solution was immediately cooled to -78 °C. A solution of cyclohexenone (0.144 g 1.50 
mmol) in THF (1 mL) was then added dropwisely. After stirring an additional 5 min, 
Mel (0.50 mL) was injected and the mixture was poured into pentane (50 mL) and 
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thoroughly washed with water (2 x 25 mL) to remove HMPA. The organic fraction 
was dried (MgS04) and after removal of the solvent, a light yellow oil of 15 was 
isolated. (0.265 g, 96 %). NMR (CDC13 250 MHz) 5 0.13 (s 9H), 1.04 (d, 3 H J 
6.7 Hz), 1.03-2.40 (m, 8 H); MS (70 eV) 184 (1), 183 (11),, 155 (30), 75 (100) 74 
(19), 73 (100) 67 (12). 
General Procedure for the preparation of rhodium (III) porphvrin-silvls 22 - 23 
5 10 15 20-tetratolylporphyrinato trimethylsilyl rhodium (III) Me3SiRhTTP 
(23) The preparation of Me3SiRhTTP 23 was described as a typical procedure. A 
solution of RhTTPCl 19 (0.100 g, 0.133 mmol) and Na/Hg (4 % 3 g) in freshly 
distilled toluene (50 mL) was degassed by freeze-pump-thaw method (3 cycles). The 
red solution was stirred at r.t. under N2 for three days to give a greenish-brown 
solution. This solution was added into a degassed solution of MesSiCl (0.86 g, 7.98 
mmol) via a cannular under N2 at r.t. in the absence of light. The solution was stirred 
for 20 min and CH2CI2 was added. The mixture was washed with water (50 mL x 2) 
and dried (MgS 4). The solvent was removed by high vacuum and the resulting 
residue was chromatographed over silca gel using CH2C12/ hexane (1 4) as the eluent. 
The first fraction was collected and evaporated to dryness to give an orange solid. It 
was recrystallized by CH2CI2/ hexane to give orange crystals. (0.042 g, 37 %). Rf = 
0.54 (CH2C12 hexane = 1 : 2); lH NMR (CDCI3, 250 MHz) 5 -3.81 (s 9 H), 2.68 (s, 
12 H), 7.50 (t, 8H, 7 = 6.9 Hz), 7.95 (d, 4 H, 7 = 7.6 Hz), 8.04 (d, 4H,/ = 7.6 Hz), 
8.64 (s, 8 H); 13C NMR (CDCI3, 62.9 MHz) 6 -1.74 21.49 122.74 127.32, 127.41, 
131.16, 135.58, 133.86 137.17, 139.35, 143.48; Gate-decoupling 13C NMR (CDCI3, 
125.8 MHz) 5 -1.09 (q, J
 C-H = 120.5 Hz), 22.22 (q, J c-H 127.1 Hz), 123.38 
127.96 (d, /C-h= 141.4 Hz), 128.67 (d, J C-H = 141.4 Hz), 131.83 (d, J C-H = 176.9 
Hz), 134.20 (d / c-H = 164.9 Hz), 134.55 (d 7C-H = 159.3 Hz), 137.84’ 139.94, 
144.1¾ 29Si NMR (CDCI3, 99.4 MHz) 5 -116.81; UV-vis (CH2C12), Xmax nm (log e) 
408 (4.64), 514 (3.61); Anal. Calcd for G5iH45N4RhSi: C 72.50; H, 5.37; N, 6.33. 
Found: C, 72.50; H, 5.37, N, 6.63. 
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5 10, 15 20-tetraphenylporphyrinato trimethylsilyl rhodium(III) Me3SiRhTPP 
(22) The preparation of MesSiRhTPP 22 followed a procedure similar to that of 18 
described above. A degassed solution of RhTPPCl 18 (0.10 g, 0.13 mmol) and Na/Hg 
(4 %, 3 g) in freshly distilled toluene (50 mL) was degassed and stirred for two days 
under N2 was added to a solution of MqSiCl (0.84 g 7.8 mmol) to give orange 
crystals. ( 0.030 g, 29 %). Rf = 0.53 (CH2C12 hexane = 1 : 3); NMR (CDC13, 250 
MHz) 8 -3.82 (s 9 H), 7.69 (m, 12 H), 8.08 (d, 4 H, 7 = 7.7 Hz), 8.18 (d, 4 H, / = 7.7 
Hz), 8.63 (s, 8 H); 13C NMR (CDCI3, 62.9 MHz) 8 -1.72, 122.79 126.62 126.72, 
127.60, 131.28 133.64, 133.95, 142.20 143.41; 29Si NMR (CDCI3, 99.4 MHz) 5 
-116.81; UV-vis (CH2C12), max, nm (log 8) 406 (4.66), 513 (3.61); Anal. Calcd for 
C47H37N4RhSi: C 71.56; H, 4.73; N 7.10. Found: C 71.24; H, 5.52; N, 6.34. 
Procedure for the preparation of (5. 10. 15. 20-tetratolvlporphvrinato) silylmethyl 
rhodium (IIP (24). 
(5 10 15 20-tetratolylporphyrinato) silylmethylrhodium (HI) HsSiCIfeRhTTP 
(24) A suspension of CIRhTTP 19 (0.10 g, 0.118 mmol) in CH3CH2OH (20 mL) 
was purged with N2 for 15 min. The resulting red solution was heated to 50 C and 
NaBH4 (18.0 mg, 0.472 mmol) in NaOH (1M, 3 mL MeOH) was added. The resulting 
mixture was stirred for 1 h under N2 at 50 °C. The brown solution obtained was 
allowed to attain to r.t. Then, Me3SiCl (0.071 g, 0.66 mmol) was added via a cannular 
under N2 . Orange precipitate was observed and was immediately collected by suction 
filtration. The filter cake was washed with CH3OH and air-dried to give an orange 
solid. (0.062 g, 60 %). Rf = 0.33 (CH2C12 hexane =1:1) NMR (CDCI3, 250 
MHZ) 5 -2.48 (d, 2 H, / = 3.5 Hz), 0.39 (s, 3 H), 2.42 (s, 12 H), 7.24 (d 4 H, / = 7.6 
Hz), 7.37 (d 4 H, J = 7.4 Hz), 8.02 (d, 4H,J = 7.4Hz), 8.23 (d 4H,7 = 7.6 Hz), 8.99 
(s, 8 H); 13C NMR (C6D6, 62.9 MHz) 5 -49.01 21.42, 122.97, 132.11, 134.14, 134.87 
137.45 140.22 143.67; FAB m/z 816 (M+). 
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APPENDIX III 
The crystal data collection and processing parameters of 9. 
Mo LecuLar zi c.-r.ula ' …H. , X • CH, .: 
Molecular -ai^ nc 31?. 
ZO Lo c r.ci hao'::: la::2ci prism 
'3 c/s ca.1 1• 2 : . 0 :.: Q.2 :c 0.35 mniJ 
Zcys Z3.1 3ys csm rriclinic 
Space group L (No. 2) 
LFnir: csLL paramecar s £ - 11. 179(2) A a - LIO . 3 ) 
j - 13 .03^ (3) 3 =» 95 .^ 3(3) 
c - 15 . 377 (3 ) t - 9^ -. 79(3) 
7 = 21 1.1(7) A3 Z - 2 F(OGQ) - 92 
t 3 
Dens Ley (calcd) L . 383 g cm 
sdiacion graph!ca-monochromacizsci HoKa
 f A = 0 . 7 L073 A 
Scaadarci reflecrions (1', 2 ,1) ; (2 , 2 ,^ ) ; (3 ,1
 f L) 
laceasicy variacion ±3.8% 
R. ( from merging of 
eqiv. raclaccions) -Q.05 
. -1 
A.bsorpcion coefiicieac 0.6L nun 
Mean pr 0.075 
Transmission faccors 0.870 Co 0.335 
- . - l Scan cype and race aj-sca.a 00-60 .00 deg min. 
Scan range 0.60° below /Ca- Co 0.60 above Ka^  
Background councing scacioaary coancs for one foarch o£ scan time 
ac each end. of scan range 
o 
Collection range* 0 < h,< II, -13 < k < 13f -17 < £ < L7 -“6 • 
Unique datra measured 5770 
Obs. daca '-rich \Fq\ > [F^ j n 3L79 
M"o . of varia'oLes , p .58 7 
2 -I Weighciag scheme v. [A \FQ\ 4- 0.0002|Fo| 
R7 - L\\RC - \FQ\\/ ZL^L 0.07^ 
^ - [1>(1 1 \Fc\)2/ EH J2 0-072 
‘ 2 h 
S - I - \F\) /(n - p)\ 1.62 
‘ o c 
Larges c and meaa /a . 290 , .. 038 
Res Ldual excrema. ia fiaaL . 3 
difference map +0 .67 Co 0 . 8 0 ek 
59 
APPENDIX III 
Details of data collection and processing parameters of 22. 
Molecular :qc~uL= . RhS 1. 1/2CHCL. 
—/ Li — ' J 
Mo Lecular vei^ hc 3^3.3 
Co Lor and hab L3 bronw p Laca 
Cry seal 0. 20 :•: 0 . 20 y. 0 . 30 
Crys cal sys ca^i zriclinic ‘ 
Space group I (Mo . 2) 
rJaic call paramecars £ - 12. 722 ( 3 ) a - LOO.^ 5(1) 0 
d - 13.005(3) 3 - 102.52(1) 
c =» 15.091(3) 7 = L16.47(1) 
'J = 2063.6(10) A3 Z =• 2 f(000) - 370 
Dens icy (caLcd) 1.362 % cm" 
Pvadiacioa graphice-monochromacized Mo a, =0 . 71073 A 
? . ( from merging of 
eaiv. refleccioas) 0.00 
Absorpcioa coefricienc 0,577 mm " 
Mean fir 0.105 
Scan cype and race cake oscillacion IP phocos 30 frames la cocal, 
<p =» 0 - 180°, Acp - 6° , 
15 aiins per frame. 
Cryscal co dececcor discarice 69.635 mm • 
Sackgroand. level -50 
CoIleccLoa -16 < h < 13, 0 < k < 16, -18 < 2 < 17 
Unique da.ca measured 7692 
Obs. daca vich \Fq\ > 10cr( , n 5425 
No . of variables , p 531 
Excinccion Correction x = 0.0019(2), where 
k 2 -1/6. 
F F ( 1 + 0.002^F /sia(2^)] 
2 2 -I 
Weighcing scheme w ^  [a |Fq| +- 0.000003 : 
R^ - (Ic/2(|Fo| - |Fc|)2/ &r2|FJ2 0.068 
5 - \ - \F\)2/(n - p ] 4 1.18 
o CJ 
Largesc .and mean A/cr. .101, .001 
” 4 9 
Residual excretna ia final ^ 
difference map +1.05 Co 0.91 ek" 
60 
APPENDIX III 







MoLecuiar ve ighc 39 6.3 
CoLoc and haolr red place 
Cryscal size 0.06 0.35 0.“0 mm" 
Crvs caL syscam monoclinic 
Space group C2/m (No. 12) 
Unic call parameters a - 29.200(7)A “ 109.23(2)° 
b - 16.948(3) V =- 4633(2)A3 
c = 9.914(3) Z - U F(000) - 1842 
-3 
Dens icy (calcd) 1-286 g cm 
Radiacion graphi Ce-monochromatized bioKa , A - 0 . 71073
 ( A 
Inteasicy variation ±1.1% 
R. ( from merging of 
LnC
 eqiv. reflections) 0.0185 ^ 
AbsorpCion coef:ticienc 0.54 mm 
Mean fj.r • 
Transmission factors 0 . 7 8 0 Co 0 . 8 7 7 
1 
Scan type and rate oj — scan;. 5.00-29.30 deg mm 
Scan range 0 . 6 0 ° below Ka Co 0 . 6 0 ° above 
Background councing sCaCionary counts for one-fifth of scan time 
' aC each end of scan range 
Collectioa range 0 < h < 32, 0 < k < 18, -10 < i < 10 ^max -
Unique daca measured 3361 
Obs. daca wich |Fo[ > 1^1 , n 2522 
No. of variables, p 277 
Weighting scheme …2 I — 0.002 FJ2 1 
-Zll^0 - !^ 0H/ 1 0.067 
2 4 
S - I - |F I /(n - p)] 1.23 o c 
rgesc and mean A/a .001, .000 
Residual extrema in final …3 
difference map +1.12 Co - 0 . 5 3 ek “ 
61 
LIST OF SPECTRA 
Page 
lH: complex 9-12 and 16 62 
13c complex 9-12 and 16 67 
Gate-decoupling 13C: complex 10 72 
31p complex 9-12 and 16 73 
lH: complex 20 and 21 78 
13c complex 20 and 21 80 
31p: complex 20 and 21 82 
lH: complex 22 and 23 84 
13C: complex 22 and 23 86 
Gate-decoupling 13C: complex 23 88 
29si complex 22 and 23 89 
lH: complex 24 91 
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